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0 Arrangement for decoding a stereo multiplex signal. 



(g) Arrangement for decoding a stereo multiplex sig- 
nal, comprising a baseband stereo signal (L + R). a 
stereo difference signal (L-R) which is amplitude- 
modulated on a suppressed sub>carrier and a pilot 
signal located between the frequency bands of the 
said two signals, said arrangement having an input 
for the stereo multiplex signal and left and right 
stereo signal outputs, said input being coupled at 
one end via a pilot selection circuit to a phase- 
locked loop for regenerating the sub-carrier and at 
the other end to a multiplier circuit for multiplying at 
^ least the modulated stereo difference signal by the 
^regenerated sub-carrier. In order to improve the ste- 
f^reo channel separation the pilot selection circuit 
Oco'Tiprises a bandpass filter of the switched capaci- 
Ultor type a clock input of which is coupled to an 
output of a voltage-controlled oscillator incorporated 
^in the loop. A mono-stereo control can be realised 
^therein in ^a simple manner by varying the phase 
O transfer of the last-mentioned bandpass filter at least 
^ at the pilot frequency in dependence upon a mono- 
^1 stereo corrtrol signal. 
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Arrangement for decoding a stereo multiplex signal. 



The invention relates to an arrangement for 
decoding a stereo multiplex signal, comprising a 
t>aseband stereo sum signal (L+R). a stereo dif- 
ference signal (L-R) wfiich is amplitude-modulated 
on a suppressed sub-carrier and a signal located 
between the frequency bands of the said two sig- 
nals, said arrangement having an input for the 
stereo multiplex signal and left and right stereo 
signal outputs* said input being coupled at one end 
via a pilot selection circuit to a phase-locked loop 
for regenerating the sub-carrier and at the other 
end to a multiplier circuit for multiplying at least the 
modulated stereo difference signal (L-R) by the 
reger grated suk)-carrier. 

-Ar: arrangement of this type is known from 
United States patent no. 4,249.038. 

in the multiplier circuit of the known arrange- 
ment the stereo difference signal (L-R) is synchro- 
nously demodulated to the baseband by means of 
a locally regenerated 38 kHz sub-carrier. In a de- 
matrixing circuit this baseband stereo difference 
signal (L-R) is subsequently both added to and 
subtracted from the baseband stereo sum signal 
(L+R). Consequently decoded left and right stereo- 
phonic signals L and R are obtained which are 
available for further signal processing at the left 
and' right stereo signal outputs. 

fn the known arrangement the said sub-carrier- 
applied to the multiplier circuit is amplitude-con- 
trolled in dependence upon a mono-stereo control 
signal. Consequently the demodulated baseband 
stereo difference signal also varies in amplitude 
resulting in a continuously controlled stereo chan- 
nel separation. The local 38kHz sub-carrier is sup- 
plied from the controllable oscillator of the loop and 
for a maximum stereo channel separation it should 
be accurately in phase or in anti-phase with the 
suppressed 38 kHz sub-carrier in the stereo mul* 
tiplex signal. To this end a 19 kHz oscillator signal 
is derived from this local sub-carrier by means of 
frequency division, which oscillator signal is locked 
in phase via the phase detector and tfie loop filter 
with the 19 kHz stereo pilot signal selected in the 
pilot selection circuit. This phase lock is estab- 
lished in that phase differences deviating from 90* 
between the two latter signals result in a d.c. phase 
control signal which controls the phase of the os- 
cillator signal after selection in the loop filter in 
such a way that the said phase differences are 
reduced. A selective amplification of the stereo 
pilot signal is obtained with the pilot selection cir- 
cuit so that the phase quadrature relation between 
the stereo pilot signal and the osicllator signal in 
the phase-locked state of the loop is disturbed to a 
smaller extent by stereo signal components of the 
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Stereo multiplex signal and d.c. offset occurring in 
the loop. 

However, in practice an unpredictable, constant 
phase error between the local sub-canier from 

5 which the oscillator signal is derived and the sup- 
pressed sub-carrier in the stereo multiplex signal is 
found to occur. This phase error is mainly caused 
by the fact that the pilot selection circuit modifies 
the phase of the stereo pilot signal in a fixed and 

10 unpredictable quantity and direction and moreover 
because the phase disturbance due to d.c. offset 
occurring in the loop is not negligibly small in spite 
of the selective amplification of the stereo pilot 
signal. Since the stereo difference signal to be 

75 demodulated with the local sub-carrier is not an 
exact double sideband signal due to the filtering 
operations (for example in the IF filter) preceding 
the stereo decoding arrangement, the said phase 
error gives rise to an unwanted cross-talk between 

20 the decoded left and right stereo signals, which 
crosstalk cannot be reduced by means of an am- 
plitude correction. This crosstalk limits the maxi- 
mum attainable stereo channel separation. 

It is an object of the invention to enhance the 

25 maximum attainable stereo channel separation in 
an arrangement of the type described In the open- 
ing paragraph. 

To this end such an arrangement according to 
the invention is characterized in that the pilot selec- 

30 tion circuit comprises a bandpass filter of the 
switched capacitor type a clock input of which is 
coupled to an output of a voltage-controlled oscilla- 
tor incorporated in the loop. 

The invention Is t>ased on the recognition that 

35 a bandpass filter of the switched capacitor type can 
be tuned very accurately by means of a clock 
signal derived from a pilot signal at Its output to the 
frequency of this pilot signal at its input. 

When using the measure according to the in- 

40 venfion the tuning of the bandpass filter is coupled 
with tile frequency of the pilot signal to be selected 
to that on the one hand phase errors upon the 
selection of the pilot signal are limited to a mini- 
mum and on the other hand such a high selective 

45 gain of the pilot signal is obtained that parasitic DC 
offsets witfi respect to the desired DC phase con- 
trol signal occurring in the loop are negligibly 
small. The local subcarrier is therefore accurately 
in phase or in anti-phase with respect to the sup- 
so pressed sub-carrier in the stereo multiplex signal, 
which results in a stereo channel separation which 
is considerably larger than that of the afore-men- 
tioned known arrangement 

A preferred emtjodiment of an arrangement 
according to the invention is- characterized in that 
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the phase transfer of the bandpass filter varies at 
least at the pilot frequency in dependence upon a 
mono-stereo control signal. 

When using this measure the spatial reproduc- 
tion is controlled by varying the phase of the lo- 5 
cally regenerated sub-carrier with respect to that of 
the suppressed sub-carrier in the stereo multiplex 
signal. In order to facilitate an accurate phase ad- 
justment in a phase control range between 0* and 
180* (stereo reproduction) and between 90* and ro 
270" (mono reproduction) the tuning of the band- 
pass filter is coupled in frequency, according to the 
invention, to the pilot signal to be selected in the 
bandpass filter, whilst the phase transfer of this 
bandpass filter can be controlled by means of a is 
mono-stereo control signal in a manner which can 
easily be realised by those skilled in the art (for 
example by capacitance variation). In the case of a 
suitable choice of the phase control range the 
phase transfer of the bandpass filter is adjusted zq 
whilst the regenerated local sub*carrier in the ste- 
reo multiplex signal Is obtained in a mutually ac* 
curate equal phase or in anti-phase. Phase errors 
in the loop may be further compensated for. possi- 
bly by means of a pre-correction of the phase in 2S 
the bandpass filter. 

A further preferred embodiment of an arrange- 
ment according to the invention is characterized in 
that a signal path of the bandpass filter, in one of 
the two switching phases, incorporates a control- 30 
lable amplifier which is coupled to at least one of 
the switched capacitors for applying a controllable 
signal voltage thereto, the voltage gain of the con- 
trollable amplifier varying in dependence upon the 
mono-stereo control signal. 35 

When using this measure it will be possible to 
control the phase transfer of the bandpass filter in 
a simple manner. 

Such an embodiment Is preferably character- 
ized in that the last-mentioned controllable amplifier 40 
in the said switching phase mainly amplifies the 
input signal of the bandpass filter in a controllable 
manner. 

When using this measure a control of the volt- 
age gain of the controllable amplifier mainly pro- 45 
duces a zero offset in the transfer characteristic of 
the bandpass filter and the phase control of the 
bandpass filter is prevented from adversely affect- 
ing the amplitude transfer factor. 

The invention will now be described in greater so 
detail by way of example with reference to the 
accompanying drawing in which 

Rg. 1 shows an FM stereo multiplex receiver 
including a stereo decoding arrangement according 
to the invention, 55 

Rg. 2 shows a bandpass filter of the 
switched capacitor type for use in a stereo decod- 
ing arrangement as shown in Fig. 1 . 



Rg, 1 shows an FM stereo multiplex receiver 
having an RF Input to which an RF-FM reception 
signal is applied from an antenna 1 and which has 
successively coupled to its RF input: an RF input 
amplifier and tuning section 2 amplifying the RF- 
FM reception signal and converting it into an IF-FM 
sigani. an IF section 3 selectively amplifying and 
limiting the IF-FM signal, an FM discriminator 4 
detecting the FM modulation signal of the IF-FM 
signal - in the given case a stereo multiplex signal 
a stereo decoding arrangement 5 decoding the 
FM stereo multiplex signal in left and right stereo 
signals L and R which are applied v^a audio outputs 
6 to audio amplifiers 7 in which they are amplified 
and subsequentiy reproduced by means of loud- 
speakers 8, The stereo multiplex signal to be ap- 
plied to a multiplex input 9 of the stereo decoding 
arrangement 5 comprises sum and difference sig- 
nals (L + R) and (L-R) of left and right stereophonic 
signals L and R, respectively, the sum signal 
(L + R) being located in a frequency range from 0 
to 15 kHz, the difference signal (L-R) being double 
sideband AM-modulated on a suppressed sub-car- 
rier of 38 kHz and covering a frequency range of 
23 to 53 kHz. The stereo multiplex signal also 
comprises a 19 kHz stereo pilot signal which 
serves as a reference frequency during the regen- 
eration of a local 38 kHz mixing carrier. 

The stereo decoding arrangement 5 comprises 
a multiplex amplifier 10 whk:h selectively amplifies 
the stereo multiplex signal of the multiplex Input 9 
and which applies this signal to a demultiplexer 1 1 . 
The demultiplexer 11 comprises a sycK:hronous 
detector 20 and a dematrixing circuit 21 in which 
the stereo difference signal (L-R) of the sereo mul- 
tiplex signal which is double sideband AM-modu- 
lated on tiie suppressed sub-canier Is demodulated 
to the baseband by means of the last-mentioned 
local mixing carrier, and subsequently this 
baseband difference signal (L-R) is suitably com- 
bined with tiie baseband sum signal (L-*-R) of the 
stereo multiplex signal. In the case of an accurate 
0" or 180* phase relation t^etween the local mixing 
carrier and the suppressed sub-carrier in the stereo 
multiplex signal tiie baseband sum and difference 
signals (L + R) and (L-R) to be combined are mutu- 
ally equal and the crosstalk between the decoded 
left and right stereophonic signals L and R at the 
audio outputs 6 is minimum; A maximum stereo- 
phonic sound reproduction is tiien obtained. 

For tiie purpose of regenerating the said local 
mixing earner, the stereo multiplex signal is also 
applied to a carrier regeneration circuit 1=2-19 com- 
prising a pilot selection circuit 12 for selection of 
the 19 kHz stereo pilot signal from tiie stereo 
multiplex signal, followed by a phase-locked loop 
13-17. 

The phase-locked loop 13-17 comprises a 
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phase detector 13 which is coupled to an output of 
the pilot selection circuit 12 and has, in a loop 
configuration successively connected to it: a loop 
filter 14, a voltage-controlled osdilator 15 and first 
and second cascade-arranged frequency dividers s 
16' and 17 having dividing factors of 12 and 2. 
respectively. In the phase-locked state of the loop 
the frequency of the oscillator 15is2x12x19 
kHz = 456 kHz. the output frequency of the first 
frequency divider 16 is 2 x 19 kHz = 38 kHz and to 
the output frequency of the second frequency di- 
vider 17 is 19 kHz. The 38 kHz output frequency of 
the first frequency divider 16 is applied as a local 
mixing carrier to the synchronous demodulator 20. 

The phase of the 19 kHz output frequency of 75 
the second frequency divider 17. hereinafter also 
referred to as oscillator comparison frequency, is 
compared in the phase detector 13 with that of tfie 
stereo pilot signal which is appKed as a reference 
frequency from the pilot selection a'rcuit 12 to the 20 
phase detector 13. Phase differences deviating 
from 90** between the reference frequency and the 
oscillator comparison frequency produce a d.c. 
phase control signal which varies the phase of the 
voltage-controlled oscillator 15 in such a way that 25 
these phase differences are reduced. 

In order to prevent or at least reduce tiie influ- 
ence of unwanted d.c. offset on the d. c. phase 
control signal, the reference frequency is selec- 
tively amplified by means of the pibt selection 30 
drcult 12. According to the invention a bandpass 
filter of the switched capacitor type is used for this 
purpose as a pilot selection circuit to which the 456 
kHz oscillator signal is applied as a clock signal via 
a clock input 18. As is known per se, it is possible 35 
to realise a very high passband selectively with 
bandpass filters of the switched capacitor type in a 
narrow-band region around a frequency determined 
by the clock frequency, in tiie given case around 
19 kHz. Due to the control from the 456 kHz 40 
oscillator signal which is frequency-coupled via the 
oscillator comparison signal to tiie stereo pilot sig- 
nal to be selected, an automatic tuning of ttie 
narrow-band passband of the bandpass filter 12 is 
obtained on tiie last-mentioned stereo pilot signal. 45 
Consequentiy a high loop gain is also maintained 
at frequency variations of tills 19 kHz stereo pilot 
signal and the phase of the osdilator comparison 
frequency continues to differ accurately by 90° 
with respect to tiiat of the reference frequency. so 
Starting from a phase transfer of the bandpass filter 
12 of 0" at 19 kHz, tiie 38 kHz oscillator frequency 
is accurately in phase or an anti-phase with respect 
to the suppressed sut>-carrier in the stereo mul- 
tiplex signal, which as stated hereinbefore results in 55 
a maximum stereo channel separation. 

A continuous control of tiie stereo channel sep- 
aration from the said rnaximum value (stereo) to a 



minimum value (mono) is obtained by continuously 
controlling the phase transfer of the bandpass filter 
12 at 19 kHz by means of a stereo control signal at 
a control input 19 from 0** to 90*. Then also the 38 
kHz oscillator frequency used as a local sub-carrier 
varies from an inphase or anti-phase relation with 
respect to the suppressed sut>-carrier to a phase 
quadrature relation. The amplitude of the baseband 
stereo difference signal (L-R) then varies from a 
value 1, that is to say a value which is equal to the 
amplitude value of the base-band stereo sum sig- 
nal, to a value 0. 

If in the loop d.c. offsets occur which are so 
large that a non-negligible deviation of the desired 
phase quadrature relation between the reference 
frequency and the oscillator comparison frequency 
is produced, the phase of the reference frequency 
can be pre-corrected in the bandpass filter 12 in 
such a way that the said phase deviation is com- 
pensated by means of this phase pre-correction. 
Consequentiy, in spite of phase errors occurring in 
the loop it is possible to render the local sub- 
carrier accurately in phase or in anti-phase with 
respect to the suppressed sul>-carrier and to obtain 
a high channel separation between the left and 
right stereo signals. This pre-correction can be 
realised in a simple manner by suitably setting the 
stereo control signal. 

The phase control of the bandpass filter 12 can 
be realised in known manner by those skilled in the 
art. for example by means of a variation of a 
plurality of suitably chosen switched capacitors. 
Preferably, however, use is made of the bandpass 
filter 12 as is shown in Rg.2 whose basic structure 
is described in the book "Modern RIter Design" by 
M.S.Ghausi and K.R.Laker. published by Prentice 
Hall. Inc. in 1981. page 479, Rgure 6-57(b). The 
elements of this basic structure have the same 
reference designations as the corresponding ele- 
ments in the last-mentioned Rgure. 

The band-passtilter 12 is shown in one of the 
two switching phases, for example the even switch- 
ing phase and comprises a switched capacitor Q 
with input and output switches Si and S2 via which 
it is switched in tfie even switching phase between 
the multiplex input 9 and an inverting input of an 
operational amplifier OA1 . and in the odd switching 
phase it is switched between ground and Oie out- 
put of a controllable amplifier a, respectively. The 
input of the controllable amplifier a Is connected to 
the multiplex input 9. In the odd switching phase 
the voltage across the capacitor G is determined 
by the output voltage of the controllable amplifier a 
and is equal to a.V{ in which a is the controllable 
gain factor of the controllable amplifier a and is 
the input voltage at the multiplex input 9. 

The operational amplitier OA1 is connected to 
ground \na a non-inverting input and is fed back via 
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a capacitor D from its output to its non-inverting 
input. The output of OA1 is switchably coupled to a 
switched capacitor A having input and output 
switches S* and Ss via which the capacitor A is 
switched in the even switching phase between the 
last-mentioned output and ground and in the odd 
switching phase between ground and an inverting 
input of an operational amplifier OA 2, respectively. 
A non-inverting input of 0A2 Is connected to 
ground and the output of 0A2 is fed back to the 
last-mentioned inverting input via a capacitor B and 
Is also coupled as an output of the bandpass filter 
12 to the phase detector 13 of the phase-locked 
loop 13-17. 

The bandpass filter 12 also comprises capaci- 
tors J and I which are switchably connected to the 
input 9 via the input switch S. at one end. The 
capacitor J is switchably connected via the output 
switch Ss to the inverting input of OA2 at the other 
end, and the capacitor I is connected during the 
even switching phase via an output switch Sb to the 
last-mentioned inverting input of OA2. and to 
ground in the odd switching phase. The common 
junction point between the capacitor 6 and its 
output switch Ss is connected to a capacitor C 
which is connected via an output switch S3 to the 
said output of the bandpass filter in the even 
switching phase and is connected to ground in the 
odd switching phase, whilst the inverting input of 
0A1 is continuously connected to the last-men- 
tioned output via a cap>acttor £. 

The controllable amplifier a (corresponding to a 
gain factor of zero) does not occur in the said basic 
structure of the bandpass filter described so far 
and in the odd switching phase the capacitor G is 
connected to ground via Sj. For a description of the 
operation of this basic structure reference is made 
to the above-mentioned book, particulariy sections 
66.2-66.4 on pages 470-481. Those skilled in the 
art can simply derive a dimensioning of the ele- 
ments, which renders the bandpass filter suitable 
for filtering the 19 kHz stereo pilot signal substan- 
tially without a phase shift from the stereo multiplex 
signal under the control of a 456 kHz clock signal. 

In practice a correct operation in an integrated 
embodiment of the bandpass filter is found to be 
obtained with the following mutual capacitance ra- 
tios: 

A 8.714 E 2.494 
B 16,762 G 4.089 
C 11.989 1 7.387 
D 23.857 J 3.498 

With the aid of the controllable amplifier a, 
which is incorporated on the above described con- 
figuration, an extra signal path is introduced in the 
bandpass filter 12 through which the input signal of 
the multiplex input 9 is additionally applied in a 
controllable value to a suitable point (the common 



junction point between the capacitors G and C) of 
the filter. A control of this extra input signal supply 
results in a zero offset in the transfer characteristic 
of the filter and in a control of the phase transfer of 

5 the filter, particulariy in the pass-band region ar- 
ound 19 kHz. In the embodiment shown a phase 
shift at 19 kHz from 0* to 90** is possible with the 
controllable amplifier a. 

Since only the input signal is additionally ap- 

70 plied through the extra signal path, a control there- 
of only influences the zero position and does not 
influence that of the poles, so that the amplitude 
transfer of the bandpass filter is not notably influ- 
enced by this control. 

15 A realisation (not shown) in which also poles 

are shifted is obtained by arranging a controllable 
amplifier (not shown) in parallel across the ca- 
pacitor A in the even switching phase, that is to say 
by connecting the output of 0A1 to the input of 0 

20 and by connecting the switch Ss in the even switch- 
ing phase to the output of 0 instead of to ground. 
The controllable amplifier 0 is now incorporated in 
a loop and amplifies the output signal Vqai of OAI 
by a factor b. The capacitor A is now charged with 

25 (l-b).VoAi instead of with Vqai. This effect cor- 
responds to a capacitance of A reduced by the 
factor (1-b) in the basic structure and to apole shift 
by approximately the factor (1-b). A controlled 
phase shift at 19 kHz from 0» to 90" is also 

30 possible with such a controlled pole shift, but the 
amplitude transfer characteristic of the bandpass 
filter also changes noticeably. 

The inventive idea is of course not limited to 
the use of the bandpass filter shown, but other 

35 time-discrete phase-controlled bandpass filters may 
t>e used to realise the invention. 

Whilst using the inventive idea, it is also fea- 
sible to fix the phase transfer of the bandpass filter 
12. which is frequency-coupled with the stereo pilot 

40 to be selected, at 0"* and to realize a controllable 
stereo-mono transition by means of. for example, 
an amplitude control of the local sub-carrier or of 
the demodulated stereo difference signal L-R. 

45 

Claims 

1. An arrangement for decoding a stereo mul- 
tiplex signal, comprising a baseband stereo sum 

50 signal (L+R). a stereo difference signal (L-R) which 
is amplitude-modulated on a suppressed sub-car- 
rier and a pilot signal located between the fre- 
quency bands of the said two signals, said an^ange- 
ment having an input for the stereo multiplex signal 

55 and left and right stereo signal outputs, said input 
being coupled at one end via a pibt selection 
circuit to a phase-locked loop for regenerating the 
sub-carrier and at the other end to a multiplier 
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circuit for multiplying at least the modulated stereo 
difference signal (L-R) by the regenerated sub- 
carrier, characterized in that the pilot selection cir- 
cuit comprise a bandpass filter of the switched 
c^>acitor type a clock input of which is coupled to 
an output of a voltage-controlled oscillator incor- 
porated in the loop. 

2. An arrangement as claimed in Claim 1 . char- 
acterized in that the phase transfer of the tiandpass 
filter varies at least at the pilot frequency in depen- 
dence upon a mono-stereo control signal. 

3. An arrangement as claimed in Claim 2. char- 
acterized in that a signal p>ath of the bandpass 
filter, rn one of the two switching phases, incor- 
porates a controllable amplifier which is coupled to 
at least one of the switched capacitors for applying 
a controllable signal voltage thereto, the voltage 
gain of the controllable amplifier varying In depen- 
dence upon the mono-stereo control signal. 

4. An arrangement as claimed in Claim 3, char- 
acterized in that the last-mentioned controllable 
amplifier in the said switching phase mainly am- 
plifies the input signal of the bandpass filter in a 
controllable manner. 

5. An arrangement as claimed in any one of 
the preceding Claims, characterized in that the 
filter is a bandpass filter having a phase char- 
acteristic which is mainly zero at the location of the 
pilot frequency at a value of the mono-stereo con- 
trol signal at which there is maximum stereo chan- 
nel separation. 
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